Abstract: This review paper discusses the MBBR technology for urban river water purification as a robust technology. The aim of this paper is to present the MBBR technology as an alternative and efficacious method for treating different kinds of effluents under different condition. There are still present treatment technologies being studied and the results may be available in a while. The review also includes many relevant studies carried out at the laboratory and pilot scales. This review covers the important processes on basic treatment process, affecting of carrier type and influent types. However, this review concluded so far are compiled herein and reported to acquire a better outlook and insight on the theme with a view of meeting the new approach. . To this end, the most feasible technology could be the advanced biological process (bioreactor systems) including Moving Bed Biofilm Reactor (MBBR) system.
Introduction
River pollution is an increasingly important issue for the developing countries like India mainly due to increase in urbanization and profuse discharge of untreated and/or partially treated industrial and domestic wastewaters into river. The direct discharge of domestic wastewater into the natural water bodies may lead to the water pollution which has various obstructive impacts on the environment and aquatic life [1] . In India, there is a huge gap between the production of domestic wastewater and the treatment of generated domestic wastewater. To overwhelm this concern, it is necessary to treat the domestic wastewater which has rich source of organic waste as well as the nutrients in the form of nitrate and phosphate [1] . In most of water supply systems from Yellow river, China doesn't met the tap water quality criteria by conventional drinking water treatment [2] . Through implementation of proper analysis and environmental control, polluted river can be treated biologically. Biological treatment process is considered as economic, cost-effective and environmentally sound alternative to remove the pollutants from river water.
Moving bed biofilm reactor (MBBR)
MBBR is a growing biofilm technology which has gaining attention in the wastewater treatment sector from past 20 years [3] . MBBR was established in Norway at the Norwegian University of Science and Technology in cooperation with a Norwegian company Kaldnes Miljǿteknologi (now AnoxKaldnes AS). The MBBR technology was installed in late 1980s and early 1990s. Though it is a comparatively new technology to the United States (introduced first in 1995), there were now over 400 installations worldwide in both the municipal and industrial sectors with over 36 in North America [4] . MBBRprocess developed based on combination of conventional activated sludge process and biofilter process. It involves specially designed plastic carriers called biofilm carrier for biofilm attachment. The carriers are held in suspension throughout the reactor by aeration, liquid circulation or mechanical mixing, and are kept within the reactor by means of a sieve or grill, allowing simple separation of the treated water from the biomass-containing carriers [5] and these media have the density very close to the density of water [6] . This treatment technology will be adapted for purification of polluted river where biomass or biofilm concentration increases and treatment ability. In practice, the conventional activated sludge process is accepted globally for the treatment of wastewater containing high organic matter. Excess biomass attached to the carrier gets heavy with time and is sloughed off the biofilm and carried out of the reactor with the reactor effluent. The main features which give advantage to the MBBR process over other biological wastewater treatment systems are given below as [5] : 1) Highly compact reactor -due to large biofilm surface area and highly active specialized biomass; 2) Continuous flow through process -eliminating the need for backwash and minimizing the head loss and operational complexity; 3) Multiple treatment objectives -such as BOD removal, nitrification and denitrification in a flow through series arrangement providing very simple and flexible system; 4) No sludge separation and extra space requirementbecause most of the active biomass is retained along with the biofilm carriers. This gives an advantage over the activated sludge process. 5) Versatility -as MBBR is suitable to retrofit into the existing tanks during up-gradation of a treatment plant.
Comparing to the other biological processes, MBBR is the one can be adapted for the polluted river water/wastewater treatment which offers compact treatment plant design to 
Materials and Methods
The carrier elements can be installed in anaerobic, anoxic reactor or aeration basin. In the MBBR process, small high density polyethylene (HDPE), polypropylene, plastic, ceramic, porous carrier elements with a large surface area are used for the growth of microorganisms within the reactor. In the reactor, agitation pattern is designed in such a manner that the upward movement of the carrier takes place across the surface of the screen. It protects from clogging so that the entire reactor will be in active biologically causing higher biomass activity. The working procedure for MBBR and carrier in reactor with biofilm growth are shown in (Figure 1 ) [7] . Pre-treated wastewater entered through inlet passes into the pre-anoxic where air supplied mechanically. Microorganism consumes the organic matter which gets attached to the media in the aeration tank. The media is continuously agitated by bubbles. Bottom of the tank contains large sized stones and upper portion with small sized stones. The wastewater gets filtered through stone beds. In last portion of tank where the bio carriers will be filled, turbulence in wastewater was created using rotors. After treatment, final treated effluent taken outside through outlet. An expected result of the study says MBBR process may be helpful to check possibility of using as an ideal and efficient option for nutrient removal from municipal wastewater. This technology may be helpful for low concentration of solids. The change in type of media carriers also plays a role in expected results in a beneficial manner.
Javid et al., 2013
carried out a laboratory study using MBBR process by constructing pilot plant at existing municipal WWTP located in Shahrak Ghods, Tehran, Iran. The pilot plant operated for one year at various conditions, carrier media filling rate was 60% of the volume with specific biofilm surface area is500 m2/m3. The removal efficiency of BOD5 and COD, the system was observed at different hydraulic retention time (HRT) of 1, 1.5, 2, 2.5, 3 and 4 h. The results obtained from the pilot plant designate the high ability to tolerate organic loading and to remain stable at a high food to microorganism (F/M) ratio. At low HRTs the system produces the good quality effluent and leads to average BOD5 removal efficiency of around 88% during the functioning period. The Organic Loading Rate (OLR) of a range of 0.73-3.48 kgBOD5/m3.day and 2.43-11.6 gBOD5/m2.day was applied to the system, at which the reactor showed a good performance and stability.
Mahmoudkhani Rouhallah et al, 2012 investigated on treatment of waters around Tehran Refinery contaminated with petroleum compounds by setting laboratory scale study. During study period a 550 L liquid used, the reactor filled with 85% Polyurethane elements, consuming 3% of the reactor's liquid volume. While pilot study following conditions were monitored: temperature= 15 to 25 ° C, pH= 6.7 to 7.5, dissolved oxygen = 4 to 5 mg/lit, MLSS= 1400 to 1700 mg/L, Hydraulic Retention Time (HRT) = 240 minutes and unlimited Solid Retention Time (SRT), suspended oil removed by oil separation system, removal efficiencies of COD, NO3-N and PO4-P for the MBBR, filtration and activated carbon was 99, 94 and 58%, correspondingly. The average effluent results from each reactor showed that denitrification process follows the aerobic MBBR, filtration and activated carbon and in pre-denitrification system in filtration, consumed most of the biodegradable organic matter. In this pilot study, formaldehyde, phenol and total petroleum hydrocarbon (TPH) parameters were removed up to 96, 79 and 94%, respectively. Earlier studies assured that the MBBR has recognized itself as a robust and compact reactor for wastewater treatment.
The efficacy of the reactor has been demonstrated in many processes, for BOD, COD and nutrient removal. The primary advantage of the process as compared to conventional activated sludge reactors refers to its compactness. Also, system does not require sludge recirculation. The benefit over other biofilm processes is its flexibility, and a further study on this bioreactor can yield more results. Further, most studies in the field of MBBR have only focused on domestic, industrial and aquaculture wastewater. Very less study has been conducted concentrating on multiples of biological carrier specifically for river water purification.
Experimental Study on MBBR
It is important to know about foregoing experimental methodology on widespread biological carrier support in MBBR. In order to complete the study objectives, the methodology must be done in laboratory basis. A few issues need to take into consideration for laboratory experiment in water and wastewater treatment. The essential factors are design of Hydraulic Retention Time (HRT), reactor size, biomedia size, influent type and types of biological carrier. As for biological performance in biomedia, biofilm and biomass analysis and observation from previous studies also will be highlighted in this section.
Design of HRT
Hydraulic loading is an important factor. On the one hand, hydraulic loading directly determine HRT of the reactor, further influence the size of volume, on the other hand, hydraulic loading directly affect the removal effect in biofilm process [8] . So, selecting suitable hydraulic loading is necessary. Table 1 shows HRT and feeding value from earlier MBBR study. Many of studies tested different HRT for their experimental analysis. Most of their laboratory functioned in parallel and fed from a common feed tank by a multichannel peristaltic pump. 
Types of Influent
Influent concentration for experimental test usually are depends on the objective and expecting results. It is below a controlled range of parameter like pH, BOD, COD, TN and other parameter. Table 2 shows the types of influent sources for MBBR study. [20] g/m 2 /day respectively From the above Table2, demonstrate the average value of all the influents from municipal wastewater. Average suitable influent values for experimental study are COD in range of 200-250 mg/L and BOD 100 mg/L. The role of influent value is not only to make available feeding load for biomedia to treat the wastewater but also to load nutrient for attached microorganism to form a biofilm layers.
The media affords increased surface area for the biological microorganisms to attach to and grow in the aeration tanks. The increased surface area decreases the footprint of the tanks required to treat the wastewater. According to Lariyah, 2014 attached microorganism based process like MBBR are also suitable for river water purification. However, use of biofilm carriers in the MBBR reactor improved the population of autotrophic micro-organisms shows a significant role in nitrification, denitrification and biological constituent removal [21] .
Biological Carriers in MBBR
The media used for development of biofilm are sensibly designed with high internal surface area having density slightly less than the water so that it can float easily. Themost commonly used medias forattached growth processes are; stones, clinker, sand,activated charcoal, ceramic, metals, plastic sheets, and foams. There are many types of media which can be used as a media for the microbial growth [22] . Specific surface area (SSA)is a mainfactor that promotes the biomass characteristics in water treatment and as well as the total performance of MBBR system. Table 3shows the kinds of carriers accessible in the market and being applied in laboratory and pilot plant study for MBBR system.
Aeration rate
In MBBR system, aeration is provided to give sufficient dissolved oxygen to the biomass and to create movement of biomedia within the reactor to avoid formation of stagnant areas [35] andalso to generate the cross flow velocity to scour the biomedia surface [17] . The high cross flow activities that are developed on the biomedia surface tend to shear off the deposited materials and thus decrease the hydraulics resistance of the fouling layer [17] . [9] , [12] , [13] , [16] , [32] , [33] , [19] , [34] USA [9] , [12] , [13] , [16] , [32] , [33] , [19] , [34] USA, Turkey, Canada, Spain & Italy Anodkalness™ K1 500 50-70%
An optimum value of air flow rate was recognized beyond which further increase had no influence. The similar occurrence was also verified by some researchers [17] . examined the influence of hydrodynamic on biomedia and determined that the treatment filtration rate abruptly increased at aeration intensity below the critical aeration intensity.
Conclusion
MBBR is gaining importance around the world. It is a leading technology in wastewater treatment as this system can operate at smaller footprints and give higher removal efficiency. The MBBR performed to be an effective process for removing most of the pollutants at different HRTs. Nowadays, there are different types of biomedia used in river water purification technologies which are locally available and international water industry market, and the kinds of biomedia can be characterized by considering the types of treatment system. Based on the certain treatment conditions, different types of biomedia shown their unique performance. Other than from biomedia removal efficacy and physical characteristics at the allocated design flow, another important feature that influence the decision in selection of biological carriers for MBBR are frequency of 
